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To the Editor:

Despite vaccination against SARS-CoV-2, there is increased risk of breakthrough
infections among persons with immune dysfunction such as those with autoimmune
disease on immunosuppression, and individuals with chronic inflammation, B cell
lymphoma, or solid organ transplants’. Breakthrough infections are of particular concern
among patients with hematologic malignancy who have been demonstrated to fare

particularly poorly when infected with SARS-CoV-22.

Myeloid neoplasms such as myelodysplastic syndromes (MDS), acute myeloid
leukemia (AML), and myeloproliferative neoplasms are often observed in older persons,
and can share similar disease ontogeny. Infectious complications are a key contributor
to mortality for patients with these conditions®’. Patients with myeloid neoplasms are
underrepresented in studies of response to SARS-CoV-2 vaccines >%'°. Although
prioritized for early vaccination, to our knowledge the ability of patients with myeloid
neoplasms such as MDS to elicit neutralizing antibodies against the ancestral strain and

variants of concern (VOCs) has not been reported to date.

We evaluated a cohort of patients with myeloid neoplasms (n=48; median age,
70 years; range, 28-89 years) receiving standard therapies [e.g., supportive care,
growth factors, DNA hypomethylating agents (HMA), or kinase inhibitors] for their
neutralizing antibody responses to vaccine-homologous SARS-CoV-2 WA1/2020 strain
and five VOCs in the periods following second and third (booster) vaccinations (Table
1). Two patients had documented breakthrough SARS-CoV-2 infection after two vaccine

doses, with one patient (P-8) had prolonged hospitalization but ultimately recovered,
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and a second patient (P-30) with mild symptoms and was managed as an outpatient
(Supplementary Table S1). After the third vaccine dose, one patient (P-53) had
documented breakthrough SARS-CoV-2 infection resulting in hospitalization who
recovered fully. Supplementary Table S1 lists the extended clinical characteristics,
treatment summary, vaccine/booster type, and the time point of sampling relative to
COVID-19 vaccination. Healthy health-care workers (n=16) working at research
institution and who were neither exposed to SARS-CoV-2 and do not work with COVID-
19 patients were used as the comparative control cohort (median age, 34.5 years;
range 21-75 years). None of the healthy controls had breakthrough SARS-CoV-2

infections.

We performed SARS-CoV-2 virus neutralization assays, which in contrast to
conventional assays that measure SARS-CoV-2 binding antibodies, can distinguish the
capacity of immune sera to block cell entry by the prototype WA1/2020 strain, used in
the vaccines, as well as individual VOCs. Virus neutralization titers have been
correlated with protection against SARS-CoV-2 infections and especially against severe
disease. Post-vaccination sera were evaluated in a qualified SARS-CoV-2 pseudovirion
neutralization assay (PsVNA) using SARS-CoV-2 WA1/2020 strain and the five VOC
strains: Alpha, Beta, Gamma, Delta, and Omicron (see supplemental methods). SARS-
CoV-2 neutralizing activity measured by PsVNA as 50% neutralization titers (PsVNASO)
correlated with PRNT (plaque reduction neutralization test) with authentic SARS-CoV-2
virus in our previous studies''. The median time intervals between vaccination and
evaluation of sera in MDS/AML patients were 150.5 days following the 2" vaccination

(n=38) and 30.5 days following the 3™ vaccination (n=11), while for healthy controls, it
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was 38 days after 2" vaccination (n=16) and 57.5 days after the 3™ vaccination (n=16)

(Table 1).

After two vaccinations, the control group demonstrated a robust response (100%
with PSVNA50 >1:40) against the vaccine homologous WA1/2020 [PsVNA50 geometric
mean titers (GMT) of 1:1713]. In contrast, patients with myeloid neoplasms (n=38)
displayed significantly weaker neutralization titers with GMT of 1:139 (7/38 non-
responders with PsVNA50 of <1:20) (Fig. 1A and Supplementary Table S2). We did not
observe significant differences in vaccine response between patients with AML (n = 9),

MDS (n = 17), or MPN (n = 12) after two vaccine doses.

Booster (third) vaccination in the healthy controls resulted in consistently strong
neutralizing antibody responses against the WA1/2020 strain (PsVNA50 of >1:500,
GMT of 1:3141). In contrast, among 11 patients with myeloid neoplasms (diagnosed as
MDS or AML) who received three vaccine doses, WA1/2020 neutralizing antibodies
were highly variable (GMT of 1:304), with 2/11 demonstrating no neutralization
response (PsVNAS5O of <1:20), and only 4/11 strong responders (PsVNAS5O of >1:500)

against WA1/2020 (Fig. 1B and Supplementary Table 2).

In healthy adults, two vaccinations demonstrated 1.3, 3.5, 3.4, 1.8-fold reduction
against Alpha, Beta, Gamma, and Delta variants, respectively, and more pronounced
loss of activity (38.9-fold) against Omicron, compared with the vaccine-homologous
WA1/2020 (Fig. 1A and Supplementary Table S2). Following a third vaccine dose,
neutralization titers in the healthy cohort increased modestly against Alpha (1.7-fold),
Beta (2.1-fold), Gamma (2.3-fold), and Delta (2.0-fold) variants compared with the

second vaccination. Moreover, third vaccination improved neutralization titer against
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Omicron (GMT of 1:334) by 7.6-fold compared with antibody response following the
second vaccination (GMT of 1:44); but still the neutralizing antibodies GMT against
Omicron was reduced by 9.4-fold relative to WA1/2020 (Fig. 1B and Supplementary

Table S2).

In contrast to healthy controls, the majority of patients with myeloid neoplasms
demonstrated minimal or no neutralizing antibodies against the VOCs including
Omicron (92% patients with PsVNA50 <1:20 against Omicron) after two vaccinations
(Fig. 1A and Supplementary Table S2), except for patient P-19 (82-year-old female with
MDS). Among the patients who received three vaccinations, the majority (7/11)
exhibited much lower neutralization responses against all VOC and no neutralization
titers against Omicron compared with healthy controls (Fig. 1B). Even the four patients
that exhibited strong anti-WA1/2020 responses (P-52, P-54, P-55, and P-30R;
PsVNA50 > 1:1000) demonstrated profoundly lower responses against Omicron
(PsVNAS50O of 1:52, 1:30, 1:169 and 1:257, respectively) after the third vaccination
(Supplementary Table S2). The patient (P-30R) with highest neutralization titer (1:257)
against Omicron after third vaccination had breakthrough SARS-CoV-2 infection after

second vaccination.

The low neutralization titers observed in MDS/AML against both WA1/2020 and
VOCs did not provide a complete picture regarding their antibody response to
vaccination. Therefore, we also measured IgG binding to the SARS-CoV-2 spike
Receptor binding domain (RBD) derived from vaccine-homologous WA1/2020 as well
as Omicron variant using ELISA (Fig. 1C-D). Binding to both WA1 and Omicron RBD

was robust for the healthy adults after two and three vaccinations (Fig. 1C-D). In
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comparison, after 2" vaccination the RBD-binding antibodies from MDS/AML patients
were more variable, with 11 of 38 patients demonstrating RBD-IgG end-point titers
below 1:200 serum dilution against the Omicron RBD and lower than the healthy cohort
(Fig. 1C). MDS/AML patients receiving three vaccinations showed increased antibody
binding titers against the Omicron RBD, but they were still lower than the healthy adults
(Fig. 1D). A correlation was observed between SARS-CoV-2 RBD-binding antibody
titers and SARS-CoV-2 neutralization titers for these two cohorts that received either

two or three vaccinations (Supplementary Fig. S1).

Large scale vaccine effectiveness studies evaluating clinical outcomes and
complications of COVID-19 infections demonstrated slightly lower effectiveness in
persons with coexisting conditions'®>. The correlates of protection for SARS-CoV-2
strains prior to circulation of antibody-resistant Omicron variant, suggested neutralizing
antibody titers above 1:60 can reasonably provide protection against severe COVID-19
1314 Based on these studies, the healthy individuals who received three doses of the
mRNA vaccines are likely to be protected against severe disease from the Omicron
variant. It is possible other components of immune system in addition to neutralizing
antibodies including T cells can contribute to protection from severe disease. However,
the effectiveness of two doses of mRNA vaccine in patients with hematological
neoplasms was found to be significantly reduced after mass vaccination in lIsrael,

showing 1.7-2.3 increased risk of symptomatic disease, hospitalization, and death ™.

Patients with myeloid neoplasms, especially high-risk diseases such as MDS and
AML who are often treated with similar HMA-based chemotherapy regimens, are

underrepresented in the published literature reporting the efficacy of SARS-CoV-2
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vaccination. Our findings demonstrate that mRNA vaccination in a cohort of patients
with myeloid neoplasms, both untreated and receiving standard of care therapeutics,
elicited variable titers of RBD-binding antibodies. But most of these patients had low (or
none) neutralizing antibody responses against the Omicron variant following two or
three COVID-19 vaccinations that should be confirmed in larger studies. A recent study
by Mori et al. reported similar seroconversion rates in healthy controls and patients with
MDS/AML, especially those not on treatment, after mRNA vaccination'®. However, only
anti-spike binding antibodies were measured in the study. Our study underscores the
importance of measuring virus neutralization titers, both against the vaccine strain and

against clinically relevant circulating VOCs such as Omicron.

These observations highlight the immunodeficiency in this patient population.
Even patients with MDS on observation generated weak neutralizing antibody response
following SARS-CoV-2 vaccination. These patients are likely to be at increased risk for
breakthrough infection, especially from Omicron, and therefore should be prioritized for

post-exposure treatments early after SARS-CoV-2 infection.
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Table 1. Summary of clinical characteristics of healthy controls and patients with myeloid malignancies

Characteristic Myeloid Patients (N=48) Healthy Controls (N=16)
Age (years) 48 (28-89) 34.5 (21-75)
Sex 27 Male/ 21 Female 5 Male / 11 Female
Diagnosis
MDS N=23
AML N=13
CMML N=1

Jak2"8""F* MPN

ET N=1
PV N=6
MF N=4
Treatment
Observation, GF N=16
HMA (Azacitidine or Decitabine) Monotherapy N=7
HMA/Venetoclax N=10
HMA/Other N=4
Allo-BMT N=2
Peginterferon N=1
Hydroxyurea N=3
Ruxolitinib N=3
Ruxolitinib/Hydroxyurea N=1
Anagrelide N=1
Vaccines/Boosters
Moderna (2nd Vaccine) N=19 N=8
Pfizer (2nd Vaccine) N=18 N=8
Janssen (1 Vaccine) N=1
Same mRNA 2nd & 3rd vaccine N=9 N=8
Mixed mRNA 2nd & 3rd vaccine (Moderna-Pfizer) N=1 N=8
Documented breakthrough SARS-CoV-2 infection N=3
Median time of sample collection from 2nd vaccine dose 150.5 days 38 days
Median time of sample collection from 3rd vaccine dose 30.5 days 57.5 days
220
221
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Figure Legend

Figure 1: Neutralization and antibody binding of post-vaccination serum against

SARS-CoV-2 WA1/2020 strain and variants of concern.

Neutralization assays were performed with the use of pseudoviruses expressing the
SARS-CoV-2 spike proteins of the WA1/2020 vaccine strain or the Alpha, Beta,
Gamma, Delta or the Omicron variants. (Panel A) Serum samples following two doses
of SARS-CoV-2 mRNA vaccination were obtained from 38 AML/MDS patients (P; in
red) or 16 healthy controls (C; in blue). (Panel B) Post-third vaccination samples were
obtained from 11 AML/MDS patients and 16 healthy controls. The heights of the bars
and the numbers over the bars indicate the geometric mean titers (GMT), and the
whiskers indicate 95% confidence intervals, and are color-coded. The assay of each
serum sample was performed in duplicate. Each data point represents an individual
sample (circles) and indicates the 50% neutralization titer obtained with each sample
against the corresponding pseudovirus. The horizontal dashed line indicates the limit of
detection for the neutralization assay (PsVNASO of 20). The raw data and information
regarding the serum samples from vaccinated participant (sex, age, vaccine type and
samples collected post-vaccination and 50% neutralization titers against various SARS-
CoV-2 strains) are summarized in Supplementary Table S2 in the Supplementary
Appendix. Differences between SARS-CoV-2 strains were analyzed by Ime4 and
emmeans packages in R using Tukey’s pairwise multiple comparison test and the p-
values are shown. (Panels C-D) SARS-CoV-2 receptor binding domain (RBD) binding
IgG to vaccine-homologous WA1/2020 and Omicron variant in serum samples following

two doses of SARS-CoV-2 mRNA vaccination (panel C) from 38 AML/MDS patients (P;

12
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in red) and 16 healthy controls (C; in blue) or following three doses of vaccination (panel
D) from 11 AML/MDS patients (P; in red) and 16 healthy controls (C; in blue). Each
serum sample was evaluated in IgG-ELISA in duplicate to determine the RBD-binding
IgG end-point titer against RBD of either WA1/2020 or the Omicron variant. The height
of bars and numbers over the bars indicate the IgG GMTs, and the whiskers indicate
95% confidence intervals. The horizontal dashed line indicates the limit of detection for
IgG ELISA (1:100). Statistical differences between patients and controls were analyzed
by Ime4 and emmeans packages in R using Tukey’s pairwise multiple comparison test

and the p-values are shown.
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Table 1. Summary of clinical characteristics of healthy controls and patients with myeloid malignancies

Characteristic Myeloid Patients (N=48) Healthy Controls (N=16)
Age (years) 48 (28-89) 34.5 (21-75)
Sex 27 Male/ 21 Female 5 Male / 11 Female

Diagnosis
MDS N=23
AML N=13
CMML N=1
Jak2"*""™ MPN

ET N=1
PV N=6
MF N=4

Treatment
Observation, GF N=16
HMA (Azacitidine or Decitabine) Monotherapy N=7
HMA/Venetoclax N=10
HMA/Other N=4
Allo-BMT N=2
Peginterferon N=1
Hydroxyurea N=3
Ruxolitinib N=3
Ruxolitinib/Hydroxyurea N=1
Anagrelide N=1

Vaccines/Boosters
Moderna (2nd Vaccine) N=19 N=8
Pfizer (2nd Vaccine) N=18 N=8
Janssen (1 Vaccine) N=1
Same mRNA 2nd & 3rd vaccine N=9 N=8
Mixed mRNA 2nd & 3rd vaccine (Moderna-Pfizer) N=1 N=8
Documented breakthrough SARS-CoV-2 infection N=3

Median time of sample collection from 2nd vaccine dose 150.5 days 38 days
Median time of sample collection from 3rd vaccine dose 30.5 days 57.5 days




Figure 1

A. Neutralization Assay with 2nd-vaccine dose serum
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B. Neutralization Assay with 3"d-dose vaccine serum

C. RBD ELISA: 2nd-vaccine
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D. RBD ELISA: 3rd-vaccine
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